Coix lacryma-jobi L. var.ma-yuen Stapf (Coix seed) is a grass crop that has long been used in traditional medicine as a nourishing food. However, high-intake safety of the extract of the husks, pellicles and astringent skin of Coix seed has rarely been evaluated. We performed a safety test of hot water extract of all parts of Coix seed (CRD extract) in rats. CRD extract showed no significant toxicity on body weight, blood analyses, urinalysis and histopathological examination in acute toxicity tests.
INTRODUCTION
We invented a composition for foods or medicaments containing hot water extracts of the husks, pellicles and astringent skin of Coix seed (Japan patent No 3590042). The pharmaceutical composition is expected to have an antineoplastic effect, anti-human papillomaviral disease effect, and effect against various cutaneous diseases (or the like), such that it is useful for chemoprophylaxis or therapy against tumors, and for preventing or treating human papillomaviral diseases such as condyloma acuminatum, verruca vulgaris, adolescent verruca plana, senile verruca or laryngeal papillomatosis.
In the preliminary toxicity test of dehulled Coix seed (yokuinin), it was reported that the administration of a powder diet containing 5% yokuinin to pregnant rats revealed no treatment-related effects on birth index, viability indices, sex Fax: +81-76-234-4247 E-mail: euglenal234@yahoo.co.jp ratio, body weight or gross pathological findings 1) . However, high-intake safety tests of the extract of the husks, pellicles and astringent skin of Coix seed has rarely been evaluated.
Therefore, we performed a safety test of hot water extract of all parts of Coix seed (CRD extract) on rats.
MATERIALS AND METHODS

Production of extract of husks, pellicles and astringent skin of Coix seed (CRD extract)
Hot water extract of husks, pellicles, astringent skin and grains of Coix seed produced by CRD Co., Ltd (Ishikawa, 
Test animal and housing conditions
Experimental procedures were approved by the Committee on Animal Experimentation at Kanazawa University, Ishikawa, Japan.
Male (n=21) and female (n=21) 8-week old Wister rats were obtained from Charles River Japan Inc., (Shizuoka, Japan).
Rats were kept in a room maintained at controlled temperature (23±2°C), humidity (55±10%), and lighting (9:00 to 21:00 hours), with 3-4 rats per cage. Animals had free access to solid feed (CRF-1, Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water.
Group condition and dose levels
When rats were 9-weeks old, the test article was administered at doses of 0 (male n=7, female n=7), 500 (male n=7, female n=7), and 2,000 mg/kg (male n=7, female n=7).
The test article was dissolved in distilled water and injected intragastrically by direct stomach intubation. At 14 days after administration, animals were sacrificed under anesthesia, blood collected from the vena cava inferior, and necropsies performed.
Observation of general condition and body weight
General condition was monitored twice daily (morning and afternoon) for 14 days after administration. Body weight was measured every second day for 14 days after administration.
Necropsy and organ weight measurement
On day 14, all animals were sacrificed and subjected to necropsies. The following organs were removed and weighed:
brain, thyroids, heart, lungs, thymus, liver, spleen, kidneys, testes, seminal vesicle, epididymis, ovaries and uterus.
Histopathological examination
In the control and high-dose groups (2,000 mg/kg), histopathological examination were made of the following organs: brain, pituitary, accessory thyroid, thyroid, heart, thymus, lung, liver, spleen, kidney, adrenal grand, testes, gonecyst, epididymis, uterus and ovaries. All samples were fixed in 10% neutral buffer formalin and stained with hematoxylin-eosin. Manufacture of specimens was performed by the Department of Pathology, Kanazawa University Hospital.
Hematology
Blood was collected into a tube with EDTA-2K and was examined for white blood cell count (WBC), red blood cell count (RBC), hemoglobin content, hematocrit value, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), blood platelet, neutrophil, eosinophil, basophil, monocyte and lymphocyte. All measurements were performed by SRL Co., Ltd (Tokyo, Japan).
Blood biochemistry
The following analyses were also performed by SRL Co.,
Ltd.: total protein, albumin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), γ-GTP, total bilirubin, total cholesterol, neutral lipid, HDLcholesterol, LDL-cholesterol, blood urea nitrogen (BUN), creatinine, Na, Cl, K and glucose (blood serum).
Urinalysis
Urine was collected before euthanasia. Hidden blood, glucose, and protein levels in urea were qualitatively analyzed using urine test paper obtained from WAKO, Co., Ltd., (Osaka, Japan).
Statistical analysis
Data obtained from the acute oral toxicity tests were statistically analyzed using Student's t-test. One-way parametric ANOVA with Tukey's test was used to examine body weight, organ weight, hematological and blood biochemistry data.
RESULTS
Observation of general condition and body weight
Administration of the test article revealed no clinical signs, adverse effects or death during the 14-day observation period.
Body weight gain was unaffected by the test article during the test period (Fig. 2) .
Necropsy findings, organ weight measurement and histopathological examination
No significant changes were observed in any organs at necropsy on day 14. Liver weight of male rats in the 500 mg/kg group was higher than control and liver weight of female rats in the 500 mg/kg group was lower than control. However no concentration dependence or histopathological abnormalities was found in these groups. There were no significant differences in other organs (Table 1) .
Pathological examinations of each organelle revealed no abnormal findings.
Hematology
The MCV value of female rats in the 2,000 mg/kg group was lower than control and the MCHC of female rats in the 2,000 mg/kg group was higher than control (p<0.05)( Table 2 ).
However there were no significant differences in concentration dependence in these results.
Blood biochemistry
AST values of both male and female rats in the 500 and 2,000 mg/kg groups were lower than control (p<0.05) ( Table   3) . ALT values of females in the 500 and 2,000 mg/kg groups were lower than control (p<0.05) ( Table 3) . ALP values of females in the 2,000 mg/kg group were lower than control (p<0.05) (Table 3) . Finally, Cl values of females in the 500 mg/ kg group were lower than control (p<0.05) ( Table 3 ). However there were not significant differences in concentration dependence in these results.
Urinalysis
Hidden blood, glucose, and protein levels of test groups
were not significantly different than control.
DISCUSSION
Many foods such as noodles, confections and the like have been developed using Coix seed as a raw material. Normally when Coix seeds are used in foods, their husks, pellicles and astringent skin are removed by threshing and only the grain portion utilized. In particular, the husk is very hard and cannot be eaten intact, and has thus been thought unsuitable as a food ingredient. The exception is Coix seed tea, which is directly decocted from grains with husks.
Further, "Yokuinin," described in the Japanese pharmacopoeia and known as a kampo medicine in Japan, is defined as a grain prepared by collecting grains of Coix seed, threshing (husks, pellicles and astringent skin removed) and drying. Yokuinin thus does not contain any husk, pellicle and Recently, some studies have indicated that Coix seed possesses pharmacological effects including anti-cancer [2] [3] [4] , antiobesity 5, 6) , hypolipemic 7) , anti-diabetic 8) and osteoporosis Should a pharmaceutical preparation of Coix seed showing improved potency and efficacy over Yokuinin be developed, it is possible that it will find worldwide acceptance.
CONCLUSION
Oral acute toxicity tests revealed that the lethal dose of hot water extract of whole-grain Coix lacryma-jobi L. var.ma-yuen
Stapf is >2,000 mg/kg in both male and female rats. The composition of CRD extract is derived from natural Coix seed, and this seed has been long used in food preparations, such that we may safely contend that the composition has no (or at least extremely low) toxicity, and thus shows great safety. It would 
